compounds mainly by lowering 2-heptanone and 1-penten-3-ol content. Bayberry polyphenols, showed the inhibition of lipid oxidation of yellowfin tuna fillets during refrigerated storage, could also reduce the sensory side-effects (Bu et al., 2017) . Red pepper (Zanthoxylum bungeanum Maxim.), as a traditional Chinese peppery spice, is used very normal in every family, but the leaf of the red pepper have not been taken full advantage. In our earlier study (Li, Hui, et al., 2015) , we have identified the pepper leaf (ZML) of polyphenol compounds, chlorogenic acid, hyperoside, and quercitrin as the maximum content polyphenols, which have a good potential as an antioxidant for salted fish.
The aim of this study was to investigate the effect of ZML extract on the flavor of salted fish both in dorsal and ventral muscle and its sensory attributes.
| MATERIAL S AND ME THODS

| Preparation of ZML extract
ZML samples were collected from Taiyuan, Shanxi Province, China, in August 2015. The leaves were processed such as cleaned, dried, extracted, purified by macroreticular resin, and freeze-dried following the method of Li, Hui, et al. (2015) . The obtained ZML polyphenols was stored at 4℃.
| Preparation of fish samples
Silver carp with the average weight of 1.5 ± 0.5 kg was obtained from a local farmers' market in Nanjing in September 2015. The fish was split by the method of Li, Hui, et al. (2015) . The three fish were randomly sampled as control of the raw material; the remaining fish were salted with 4% salt. Total phenolic content of ZML extract was 555 mg/g, and so the addition of ZML extract added to salted fish was selected 0.03% (w/w). Then, ZML extract was added (w/w) by the method of Li, Hui, et al. (2015) following formulation: (a) control (no antioxidant added); (b) 0.030% ZML ethanol extract. For these two groups, the samples were salted with 4% salt for 2 days at 4℃ and 85%-90% relative humidity (RH) in plastic containers. During the process of drying, the temperature was increased to 17℃ and the RH was set to 85% on the 3rd day and 4th day, then the temperature was increased to 19℃ and the RH was set to 82% on the 5th day and 6th day, at last the temperature was increased to 21℃ and the RH was set to 79% on the 7th day and 8th day. The dorsal and ventral muscle were trimmed from the fish at the 4 process points (end of salting, drying-processing 2, 4, and 6 days) and then was used to analyze. Samples were cut into small pieces, then vacuum-packaged and stored at −20℃ until analysis. All of the analyses were performed in triplicate.
| Chemicals
All of the chemicals used in the experiment were analytical grade.
The standard substances (98%) was purchased from Zelang Biological Company. The other chemicals required for all biochemical assays were obtained from Sigma Chemical Co.
| Total phenolic content
The total phenolic content of ZML extract was measured by the Folin-Ciocalteu's phenol method of Li, Hui, et al. (2015) . About 0.05 g of ZML extract powder was dissolved by 2 ml ethanol, the to 2 ml of Folin-Ciocalteu's phenol reagent added, mixed, and left to stand for 3 min, then standing at ambient temperature for 1 hr after Adding 2 ml of a 10% (w/v) aqueous sodium carbonate solution. The absorbance was measured at 640 nm. The total phenolic content in ZML extract was determined using a standard curve prepared with chlorogenic acid and expressed as mg chlorogenic acid equivalent/ g leaf on a dry basis.
The total phenolic content of the ZML extract was 555 mg/g.
| Lipid oxidation
The peroxide value (PV) and the thiobarbituric acid reactive substances (TBARS) assay were performed as described by . The PV values were expressed as m mol/kg muscle, and the TBARS values were expressed as mg malonaldehyde (MDA)/kg dry muscle.
| Volatile compounds in salted fish by SPME/ GC-MS
The volatile compounds in salted fish were sampled by SPME/GC-MS. About 5.0 g sample was weighed and pulverized in 10 ml headspace vial, then immediately sealed and heated under water bath temperature of 80℃ for 35 min.
After that, extraction fiber was inserted and the probe was placed on the sample. Taking probe from headspace vial after 2 min, then directly adopted thermal desorption with GC-MS. A headspace sampler (75 µmCar/PDMS) and an A DB-WA X column (30 m × 0.25 mm × 0.25 μm) (Supelco) were used for chromatographic separations. Thelium as carrier gas in operating conditions for GC at rate of 0.8 ml/min. The temperature program employed was as follows: 4 min at 40°C, raised to 70°C at 6°C/min, then a ramp of 10°C/min raised to 230°C, held for 7 min. The injector temperature was at 250°C throughout the analysis. Total run time was 25 min.
Then compared the sample mass spectral data to that of MANILIB, NSITDEMO, REPLIB, WLILEY four standard spectrum library for component identification. That the similar index (SI) and reverse similar index (RSI) were both greater than 800 could be regarded as a foundation of qualitative analysis. And peak area was used to quantify flavor substances.
| Sensory evaluation
Salted fish were evaluated for its umami, tenderness, color, flavor, and overall accept ability by 20 numbers of the sensory panel who were required to be familiar with food sensory evaluation but had no specific training relevant to these products. Panelists were 20-40 years old, including five males and five females, five undergraduates, three postgraduate students, and two teachers. Before the panel members evaluated the products, verbal instructions were given to them. A five-point scale was used by a modification of the method of Azad Shah, Tokunaga, Kurihara, and Takahashi (2009) . Processed salted fish were steamed by an electric saucepan for 8 min before sensory evaluation, and coded samples were served at room temperature under bright light in separate booths.
The panel members were asked to evaluate the umami, tenderness, color, flavor, and overall accept ability on a five-point structured scale (1 means less umami, extremely tough or too salty, less attractive color, less flavor, and extremely dislike, respectively; 5 means most attractive umami, extremely tender, most attractive color, most intense flavor, and like extremely, respectively).
| Statistical analysis
Statistical analyses were performed using the SPSS version 16.0 statistical package for windows (SPSS Inc.). One-way analysis of variance (ANOVA) and correlation analyses were performed with SAS 8.2 (SAS Institute Inc.). The means were compared by Fisher's least significant difference (LSD) test. The level of significance was set at p < .05. Multivariate data analysis (PCA) was applied to obtain a more comprehensible overview of volatile compounds and to investigate possible correlations among salted fish.
| RE SULTS AND D ISCUSS I ON
| Changes of volatile compounds in control group during processing
| Changes of volatile compounds in dorsal muscle of control group during processing
The volatile compounds in cured fish products mostly were determined by decomposition and oxidation of lipid (Table 1 ). There were 25 kinds of volatile compounds in final products, dorsal muscle of control group, including 1 alkane, 3 aldehydes, 9 alcohols, 2 ketones, 1 ether, 5 acids, 1 benzene hydrocarbons, 2 esters, and 1 oxime.
Alkanes and acids relative content in dorsal muscle of control group tended to decrease firstly and then increased, while the alkanes relative content of final dorsal products (1.12%) had not significantly changed (p > .05). The relative content of aldehydes of dorsal muscle in final products (6.78%) was lower than that of raw material (17.86%). Alcohols, ketones, and ethers relative content increased after salting (on the 2nd day), decreased to the lowest point at 6th day and then increased.
Benzene hydrocarbons in dorsal muscle of raw material was not detected until the 6th day, the relative content reached 0.28%, and then rose to 1.33% in final products. In dorsal muscle of control group, only on the 6th day, we found 0.50% phenol. It was only in raw material that amines were detected, and the relative content was 0.18%. The relative content of esters was 1.53% before processed, and then decreased, reaching 4.99% in the final products, which was 3.46% higher than that of raw material. Oximes mainly refers to methoxy-phenyl-oxime, whose relative content of raw material in the dorsal muscle was 0.48%, and the final products were 0.52%.
| Changes of volatile compounds in ventral muscle of control group during processing
There were 21 kinds of volatile compounds in ventral muscle, compared with dorsal muscle, the ventral muscle lacked 4 alcohols and 1 acid, but 1 ketone added.
In ventral muscle of control group, the relative content of alkanes in the raw material was 5.51%, which decreased firstly and then increased during processing. The relative content of olefins, aldehydes, alcohols, ketones, acids, and ethers in ventral muscle tended to increase at first and then decreased. Differing from dorsal muscle, aldehydes relative content of ventral muscle in final products (10.20%) was higher than that of raw material (9.5%). It is because the ventral had higher lipid contents and secondary oxidation of hydrogen peroxide occurs, producing more aldehydes.
However, benzene hydrocarbons in ventral muscle of raw material was 0.88%, increasing to 1.75% in final products. Phenol in ventral muscle of control group was also detected only at the 6th day, whose relative content was 0.25%. Amine was only detected in raw material, whose relative content was 0.37%. Only detected on 6th day, furan in ventral muscle accounted for 0.57%. The relative content of oxime was 0.79% in ventral muscle of raw material and increased to 2.79% in final products.
| Changes of volatile compounds in treatments added ZML phenolic extract during processing
| Changes of volatile compounds in dorsal muscle of treatments added ZML phenolic extract during processing
The dorsal muscle of treatment group final products totally had 25 kinds of typical aroma substances. Compared with control group, the kinds of alkanes and olefins owned mild smell increased while the kinds of alcohol and acid which contribute to earthy smell decreased.
The relative content of alkanes in dorsal muscle rose from 2.47% (raw material) to 12.89% (at the 2nd day) by adding ZML phenolic TA B L E 1 Concentrations of volatile compounds both in dorsal and ventral of salted fish (relative content, %) extract. Then, it decreased and reached 9.25% on the 8th day, which was 6.78% higher than that of raw material. Aldehydes relative content tended to decrease, reducing from 17.86% (raw material) to 4.46% of final products.
Alcohols and esters reduced from raw material to the 2nd day, then increased to the 4th day, at last decreased to the 8th day. The relative content of ethers, acids, benzene hydrocarbons, and furan firstly decreasing and then gradually increased in dorsal muscle of treatment group. Phenols was not detected in the treatment during processing.
The relative content of oxime rose from 0.48% of the original to 4.32%.
| Changes of volatile compounds in ventral muscle of treatments added ZML phenolic extract during processing
There were 22 kinds of volatile compounds in ventral muscle of final products, the kinds of volatile flavor components in ventral muscle changed by adding ZML alcohol extract, 3 aldehydes, 1 aldehyde, 4 alcohols, and 4 acids vanished while 1 alkane, 1 olefin, 1 ether, 2 alcohols, and 1 benzene hydrocarbon added.
The relative content of alkanes, ketones, and esters in ventral muscle of control group increased at first and then decreased.
Aldehydes, alcohols, and acids relative content in ventral muscle of treatment group fell from raw material to the 2nd day, and rose at the 6th day, finally decreased on the 8th day.
Phenol and amine compounds was not detected in treatment group ventral muscle during processing. Oxime relative content in ventral muscle raw material was 0.79% and did not find in the final product.
| Lipid oxidation of salted sliver carp
Thermal oxidation is one of the greatest threats to unsaturated fatty acids in foods. To investigate the relation between flavor and lipid oxidative deterioration, violent components for flavor and peroxide value (PV), thiobarbituric acid reactive substance (TBARS) values for lipid oxidation were evaluated.
As shown in Figure 1 , the primary lipid-oxidation products, especially hydroperoxides was measured by PV (Simic & Taylor, 1987) .
PV of fresh fish dorsal muscle in control group was 2.52 mmol/kg muscle, it reached to 7.84 mmol/kg muscle at the 6th day, then decreased to 4.99 mmol/kg muscle at the 8th day. Compared with dorsal muscle, PV of ventral muscle reached to the highest value (8.03 mmol/kg muscle) at the 4th day and then decreased. The process temperature increased throughout the processing; therefore, the relative high temperature (19-21 ºC) could promote the PV to decrease significantly (p < .05) by leading the hydroperoxides to be further oxidized to secondary oxidation products (Chaijan, Benjakul, Visessanguan, & Faustman, 2006) . The TBARS values were used to measure the lipid-oxidation development in terms of secondary oxidation products. TBARS values both in the dorsal and ventral, whichever of the control and treatments, increased through the whole processing ( Figure 2 ). This indicated that the lipids underwent oxidation during the drying period. The trend of TBARS values was corresponded with the decrease in the PV during the same period, the rate of hydroperoxide formation was equal to the rate of hydroperoxide decomposition into secondary oxidation products (Nguyen, Thorarinsdottir, Thorkelsson, Gudmundsdottir, & Arason, 2012) .
ZML extract influenced PV and TBARS values of the treatment.
Adding ZML extract resulted in a lower lipid oxidation of treatments, as indicated by the lower PV and TBARS values throughout the entire process period when compared with that of the control (p < .05).
These results were in accordance with many recent studies ( Abbreviations: CD, dorsal muscle of control group; CV, ventral muscle of control group; TD, dorsal muscle of treatment group; TV, ventral muscle of treatment group.
TA B L E 1 (Continued)
was regarded as the peroxidation reaction product of PUFA, could indicate the lipid oxidation together with conjugated diene value;
methyl-ketone, as typical products of lipid oxidation, there was 2-butanone and 2-pentanone in this study. ZML extract could effectively inhibit lipid oxidation of salted fish; thereby, the undesirable volatile compounds above could also be decreased, or even eliminated.
| Effect of ZML phenolic extract on the flavor of salted sliver carp
According to the results, we could draw that the relative content of alkanes in dorsal and ventral muscles of control final products were respectively 1.12%, 1.18%, and turned to 9.25%, 11.29% after adding ZML alcohol extract. However, due to the relatively high threshold of alkanes compounds, which owned mild odor, could not generate the earthy smell.
Benzene hydrocarbons, such as benzene and toluene, generally generating from lipid oxidation and phenylalanine decomposition, were common volatile components of salted fish and would produce unpleasant flavor for fishes (Berdague, Denoyer, Le Quere, & Semon, 1991 Alcohols relative content was high, and correspondingly contributing more to the earthy smell of salted fish, for example 1-octene-3-ol. The relative content of alcohols in dorsal and ventral muscle of the control were 15.67% and 8.23%, decreasing to 8.04% and 6.05%, respectively, in the treatment, greatly reduced the earthy smell. For example, 1-octene -3-ol, produced by oxidation of unsaturated fatty acid. The relative content in dorsal and ventral muscle of control group was 0.48% and 0.49% and could not be detected in treatment group by adding ZML extract, the phenomenon could be illustrated that ZML alcohol extract can effectively reduce oxidation of unsaturated fatty acids. As for 1-pentene -3 -ol, the relative content in dorsal and ventral muscle of control group was 1.32%, 3.86%, and reduced to 0.85% and 1.31% after handling with ZML alcohol extract, respectively were decreased by 0.47% and 2.55%, respectively.
The proportion of aldehydes was large, and also contributed to earthy smell, especially hexanal, nonanal, octanal, and other olefinic aldehydes (Zhou & Wang, 2006) . Flavor of aldehydes was in accordance with the number of carbon atoms．Generally, aldehydes contained 3-4 carbon atoms produced strong pungent flavor while 5-9 carbon atoms of aldehydes emitted fragrance of lipid and oil.
In addition, aldehydes with high molecular weight had unique fragrance of orange peel, such as the fresh grass smell of octanal and nonanoic acid, apple blossom fragrance of 2-hexenal, pleasant sweet or fruity sweet taste of branched aldehydes, and cheese, nuts and salty taste of methyl aldehyde. The relative content of aldehydes in dorsal and ventral muscles of control group was 6.78% and 10.20%, and decreased to 4.46% and 5.37%, respectively, after adding ZML alcohol extract．The content of aldehydes reduced by 2.32% and 4.83%, respectively, having significant impact on reducing earthy smell of salted fish. Hexanal, as oxidation product of linoleic acid, which was regarded as the peroxidation reaction product of PUFA, together with conjugated diene value was considered as important indicators of lipid oxidation (Frankel, 1993; Frankel & Tappel, 1991) .
In the meantime, hexanal, a quite stable volatile component with relatively higher content, was main oxidation product and flavor compound in the dry-cured meat products. Hexanal distributes corrupt taste of lipid in high concentration while it produces the smell of fresh grass and vegetables in low concentration. After adding ZML ethanol extract, the relative content of hexanal in dorsal decreased from 5.91% to 3.61%, dropping from 5.46% to 5.02% in the ventral. Oxime is a organic compound produced by the reaction of aldehyde or ketone containing carbonyl and hydroxylamine．The trans-oxime has sweet taste while cis-oxime is tasteless, which has no harmful impact on the flavor of salted fish. Oxime in salted fish is methoxy-phenyl-oxime, whose relative content in dorsal and ventral muscle rose from 0.63%, 0.79% (control group) to 11.60%, 9.18% (treatment group) in final salted fish. It can be speculated that after adding ZML alcoholic extract, aldehydes and ketones, which contribute much to earthy smell of salted fish, partly reacted with hydroxylamine generating oxime.
Acetic acid may be obtained by the hydrolysis of triglycerides and phospholipids, whose relative content in dorsal and ventral muscle decreased from 2.40%, 2.14% (control group) to 1.44%, 1.71%, respectively．Acetic acid mainly neutralizes alkaline flavor compounds of salted fish such as amines. The formation process of esters is extremely complex, which was mainly formed by the esterification reaction involved with microorganisms. The relative content of esters both in dorsal and ventral muscle of salted fish were not high．Besides, due to the higher threshold than aldehyde, ester made no significant contribution to the total taste of salted fish.
From what have been discussed above, benzene/benzene derivatives, alcohols, aldehydes, and ketones contents both in dorsal and ventral were decreased by adding ZML extract. This result was supported by the recent work of Xi et al., who found that there was appositive correlation between benzene/benzene derivatives and alcohols with lipid oxidation in ready-to-eat turkey meat products. 
| Principal component analysis
| Sensory evaluation
To determine the effect of the ZML extract on the salted fish both in the dorsal and ventral muscle, the results obtained in the sensory analysis are presented in There were certain correlations (Table 3 ) between overall acceptability of sensory evaluation and several kinds of typical volatile compounds relative contents both in dorsal and ventral muscle of salted fish. In conclusion, alcohols, hexanal, and methyl ketones relative content decreased, whereas the overall acceptability of sensory evaluation increased. And there was positive correlation between overall acceptability and benzaldehyde relative content. The treatment with ZML extract showed more significant correlation between overall acceptability and alcohols, hexanal, benzaldehyde, and methyl ketones relative contents in salted fish.
As can be seen from the results, the ZML extract played an important role in improving the flavor of salted fish and exhibited strong antioxidant activity by reducing oxidative products such as alcohols, hexanal, and methyl ketones.
| CON CLUS IONS
ZML extract played an important role in the protection against lipid oxidation of salted fish therefore decreased or eliminated the undesirable volatile compounds generated during processing.
There were totally 25 kinds of volatile compounds in dorsal muscle of control group, and 21 kinds in the ventral. Adding ZML extract had no effect on the total number of volatile components in dor- Chian (NO. 2017ZH059).
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